Phytochemical investigation of the leaves of Fraxinus griffithii has led to the isolation of two new glucosylated acyclic sesquiterpene alcohols, griffithosides D (1) and E (2), along with iridoid and secoiridoid glycosides. The molecular structures of these compounds were elucidated using NMR, MS and other spectroscopic techniques, as well as comparison with literature data. The isolated compounds were tested for radical-scavenging activity and cytotoxicity against A549 human lung adenocarcinoma cells and Leishmania major parasites.
Griffithoside D (1) was isolated as an amorphous solid with a molecular formula of C 21 H 36 O 8 , as determined by HR-ESI-MS. The IR spectrum showed absorption bands characteristic for hydroxyl groups (3365 cm -1 ), as well as olefinic groups (1654 and 1559 cm -1 ). The 1 H NMR spectrum showed an anomeric proton resonance at  H 4.36 (1H, d, J = 8 Hz) indicating the presence of a glucosyl moiety, olefinic resonances at  H 5.20 (1H, dd, J = 11, 1.5 Hz),  H 5.24 (1H, dd, J = 18, 1.5 Hz), and  H 5.94 (1H, dd, J = 18, 11 Hz) indicating a terminal alkene moiety, as well as an overlapped olefinic resonance at  H 5.36 (2H, td, J = 7, 1 Hz), indicating the presence of two more alkene groups (Table 1) . The 13 C NMR spectral data showed 21 resonances (Table 1) , six of which were attributable to a -glucopyranosyl moiety. COSY, HSQC and HMBC showed the remaining signals to be attributable to a 15-carbon unit of an acyclic sesquiterpene with three olefinic moieties and three oxygenated carbon atoms. The presence of longrange correlations from the methyl protons (H 3 -13) at  H 1.38 to the olefinic resonance at  C 144.5 and the oxygenated carbon resonance at  C 81. Table  1) . The 13 C NMR spectral data also showed a similar pattern to 1 displaying 21 resonances (Table 1) , six of which were attributable to a -glucopyranosyl moiety with the remaining fifteen signals attributable to an acyclic sesquiterpene similar to 1.
COSY, HSQC and HMBC experiments showed 2 to be an isomer of 1, the main difference being the position of attachment of the sugar moiety. This was further supported by the upfield shift of the carbon signal at the 3-position at  C 73.8 and the downfield shift of the signal at the 12-position at  C 75.9 in comparison with 1, consistent with a glucosylation shift trend. The attachment of the glucosyl moiety at the 12-position was confirmed by the observation of a long-range correlation between the anomeric proton (H-1') at  H 4.24 and the oxymethylene resonance (C-12) at  C 75.9 (Figure 1 ).
Similar to 1, the observation of correlations between the olefinic proton (H-6) at  H 5.36 and the methine proton (H-8) at  H 3.23 and between the olefinic proton (H-10) at  H 5.44 and the methylene protons (H 2 -12) at  H 4.03 and  H 4.19 in the NOE spectrum of 2 established the stereochemistry of the olefinic groups at the 6 and 10-positions to be both E, allowing the structure of 2 to be elucidated as shown in Figure 1 .
While the stereochemistry at positions 3 and 8 could not be determined for 1 and 2, it is noteworthy that in most acyclic terpenes isolated from natural sources, the 3S stereochemistry is much more common. However, as this is the first report of acyclic sesquiterpenes from F. griffithii, such a generalization is difficult to make.
In a previous work, we reported the isolation and identification of some secoiridoids: griffithoside A-C (3-5) and 7-epi-7-O-(E) caffeoylloganic acid (6) [9] . Other known secoiridoids isolated from this plant were identified as formoside (7) [10, 11] , fraxiformoside (8) [12] , 1'''-O--glucosylformoside (9) [10] , isoligustrosidic acid (10) [13] , isoligustroside (11) [12] , safghanoside C (12) [14] , safghanoside D (13) [14] , oleoside dimethyl ester (14) [13] and syringalactone A (15) [15] .
Assay results showed that 5, 6 and 13 exhibited significant radical scavenging activity (IC 50 : 42.4, 17.4 and 26.2 M, respectively). Structurally, a common feature among these compounds was the presence of the 1,2-dihydroxyphenyl moiety, which appeared to be important for radical scavenging activity. Compounds 9 and 11 showed moderate cytotoxic activity against A549 cells (IC 50 : 46.5 and 40.8 M, respectively). None of the isolated compounds showed selective cytotoxicity against L. major parasites.
Experimental
General: IR spectra were obtained on a Horiba Fourier transform infrared spectrophotometer FT-710. Optical rotation data were measured on a JASCO P-1030 polarimeter. 1 H and 13 C NMR spectra were recorded on a JEOL JNM -400 spectrometer at 400 MHz and 100 MHz, respectively, with tetramethylsilane as an internal standard. HR-FAB mass spectra (negative-ion mode) and HR-ESI mass spectra (positive-ion mode) were taken on a JEOL JMS-SX 102 mass spectrometer and an Applied Biosystems QSTAR XL System, respectively.
